Introduction
The level of copper (Cu) in seminal plasma has a significantly inverse relationship with sperm concentration [1] . In the subfertile male, the Cu level in serum and seminal plasma is significantly higher than that in the fertile male [2] . The Cu significantly decreases the percentage of progressively motile spermatozoa over a three-hour incubation at 37˚C. The spermatozoa do not regain motility even after extensive washing, prolonged dialysis, or treatment with Cu-specific chelating agents [3] . Approximately 17% of Cu is either tightly bound to spermatozoa or is within the cell and cannot be removed by repeated washing [4] . After 120 minutes of in vitro exposure to Cu, the sperm show significant reduction in viability and hypo-osmotic swelling response [5] . Because of these toxic effects of Cu on sperm, a Cu intrauterine device (Cu-IUD) is the most effective method available for emergency contraception. This device prevents fertilization by impairing sperm function. In addition, if fertilization has already occurred, Cu influences female reproductive tract and prevents endometrial receptivity [6] .
A study on Cu-zinc mineworkers has observed a significant increase in lung cancer [7}. In addition, significant elevation of non-Hodgkin's lymphoma incidence is observed for male underground mine employees [7] . Significantly lower serum Zn and higher serum Cu levels are found in the Iranian multiple sclerosis patients compared with the controls [8] . The Cu and Zn play important roles in the onset and/or progression of amyotrophic lateral sclerosis, Alzheimer's disease, and Parkinson's disease [9] .
Copper oxide nanoparticles (CuO NP) are used for their biocide potential; however, they are also shown to be highly toxic to mammalian cells. They are found to induce DNA fragmentation, lipid peroxidation, and micronucleus formation. The micronucleus assay is the most sensitive to evaluate CuO NP genotoxicity, and micronucleus frequency is increased significantly after 24 hours of treatment [10] . Despite widespread toxicity, exposure to Cu in certain occupations, like Cu tubing plumbing, is inevitable. The objective of this study is to report primary infertility in a male due to copper toxicity and achievement of healthy delivery after ICSI and artificial oocyte activation.
Case Presentation
A 36-year-old woman and 33-year-old male presented with primary male factor infertility. The male partner had been working as plumber for five years. Two years ago, he was diagnosed with copper toxicity. The most likely but not a definite cause of copper toxicity was exposure to copper dust during Cu tubing plumbing because he is a plumber by profession. After receiving proper medical treatment for copper toxicity, the couple had attempted a failed ICSI cycle elsewhere before coming to our clinic. Three semen analyses, two at the previous fertility clinic at which the couple had a failed ICSI cycle and one at our clinic, indicated presence of rare sperm and abnormal morphology. At our laboratory, the sample was diluted with an equal amount of Quinn's Advantage Medium containing HEPES and 5% human serum albumin (HSA-SAGE). It was then centrifuged at 1700 rpm for 10 min. The pellet was re-suspended in 100 µL, and a 12 µL drop was examined on a slide under a cover glass. Only two sperm were observed on the entire slide, and one was motile. The acrosomes were either very small or absent. One semen sample was cryopreserved for ICSI backup before initiating ovarian stimulation.
The investigation of the male serum hormonal profile indicated normal LH, FSH, and TSH levels; however, the testosterone level was lower than normal (4.1 nmole per liter). The male partner also suffered from multiple sclerosis (MS), most likely due to a long exposure to Cu. The male had a normal 46XY karyotype. No apparent infertility risk factors were detected in the female partner.
Ovarian stimulation was performed using long Lupron (AbbVie, Canada) and Gonal-F (EMD Serono, Canada). Daily doses of 0.1 mg per day of subcutaneous Lupron and 188 IU Gonal F were administered starting day three of the cycle for 12 days. Follicular development was monitored by serial serum estradiol monitoring and transvaginal ultrasound. Ovidrel, 250 IU (EMD Serono, Canada), was administered when optimal follicular development was achieved. Oocyte retrieval was performed by transvaginal ultrasound, 36 hours after Ovidrel administration. Prometrium (Merck, Canada) provided luteal support. All of the female partner's hormones were within normal limits.
On the day of ovum pick-up, the male partner provided two semen samples. Simple washing and centrifugation of the pooled samples retrieved motile sperm. However, after processing, very rare motile sperm were available. The sperm head morphology was extremely poor, with either very small or no acrosome present. At the time of ICSI, efforts were made to inject oocytes with relatively normal and motile sperm.
After retrieval, the oocytes were washed and cultured in Quinn's Advantage Fertilization Medium (QAFM; SAGE) supplemented with 10% Serum Protein Supplement (SPS-SAGE) in 6% CO2 and 37˚ C for four hours before denudation which was carried out by mechanical pipetting in 40 IU/mL of hyaluronidase (Sigma, Canada) in Quinn's Advantage Medium containing HEPES and 10% SPS (QAM-H, SAGE). Subsequently, ICSI was performed in QAM-H at 400 X magnification using a Leica inverted microscope.
Artificial oocyte activation was carried out 30 minutes after ICSI with calcium ionophore (A23187, Ionomycin calcium salt; Sigma, St. Louis, MO). The oocytes were placed in QAFM containing 5 mM calcium ionophore, under humidified atmosphere of 6% CO2 in air. Fertilization was checked 18 hours after ICSI. The embryo transfer took place on day five at blastocyst stage. Figure 1 presents the quality of oocytes, pronuclear, cleavage, and blastocyst stage embryos. Twenty-one oocytes were retrieved; 11 were MII and the remaining, MI. After two hours in culture, the MI progressed to MII. All 21 oocytes were injected and artificially activated using Ca ionophore as described above. Sixteen eggs showed normal fertilization. On day two, all fertilized eggs cleaved but resulted in poor quality embryos. On day three, four embryos were at eight cells Grade II, three embryos were at 10 cells Grade II, and the remaining were highly fragmented. In our grading system, Grade I is the best and Grade V, the lowest grade. On day five, one embryo developed to blastocyst (early blastocyst one BB) and in the other two a small cavity was visible. These three embryos were transferred into uterus on day five ( Figure 1E) . On day six, three embryos developed to blastocyst (expanded blastocyst four BB, blastocyst two BB, and blastocyst one BB;) ( Figure 1F) and were vitrified. The remaining embryos degenerated and were discarded.
The embryo transfer resulted in clinical pregnancy. The hCG levels were 176 and 320 mIU/mL, 14 and 16 days post-oocyte retrieval, respectively. One fetal sac and a heart were detected on six-week ultrasound. A normal healthy baby boy weighing 4,252 grams was delivered after 36 weeks gestation.
Discussion
This study indicates that pregnancy and a healthy birth is possible in a couple when the male partner has had a long exposure to copper. The Cu is an essential trace element for human physiological processes; however, overexposure of this metal exerts potential adverse health impacts/immunotoxicological effects [11] . Studies on the presence of Cu in human seminal plasma provide evidence for inverse relationships between human semen quality and Cu concentration. Of the 100 men, 21 had fertility problems and Cu concentrations were significantly higher in this group than that in the normal group [1] . The blood obtained from 60 subfertile men and 40 fertile volunteers indicated that Cu levels in serum and seminal plasma in the subfertile male group were significantly higher than those in the fertile group were. The earlier authors suggested that Cu might be mediator of the effects of oxidative damage and play an essential role in spermatogenesis and male infertility [2] . The results of in vitro studies indicate that Cu induces irreversible immobilization of human spermatozoa [3] .
In vivo and in vitro studies in rats have indicated that Cu is highly toxic to spermatozoa. The Cu administration for eight weeks resulted in significant decrease in sperm concentration, motility, and viability [12] and an increase in the proportion of morphologically abnormal sperm forms [13] . The evidence of disorders in spermatogram's parameters was directly dependent on the duration of the influence [13] . Long-term Cu administration leads to histological impairments of testes. The Cu-treated groups show significant decrease in diameter of seminiferous tubules and sertoli cells nuclei, epithelial height, meiotic index, and the percentage of spermatogenesis [14] . A single injection of 10 mg metallic copper particles in oil into each caput epididymitis induces infertility in male rats, leaving the mating behavior and blood testosterone levels unchanged. The pachytene spermatocytes and early spermatids show different degrees of damage, including vacuolation, karyorrhexis, pyknosis, and cytolysis. The viability of epididymal sperm decreases more markedly than the decrease in sperm density [15] .
The data obtained from in vitro studies evidently confirmed adverse effects of high copper sulphate concentrations on rabbit spermatozoa motility, morphology, and membrane integrity. The concentration of CuSO 4 in the medium varied from 3.57 to 4.85 µg/mL. After one hour of incubation with CuSO4, the motility significantly decreased almost in all experimental groups. After 24 and 48 hours of incubation, almost all the spermatozoa were dead at all concentrations. The total percentage of morphologically abnormal spermatozoa was significantly higher in the group with the highest copper concentration (46.20+/-5.54%) in comparison to control (30.60+/-2.91). Predominant morphological abnormalities were acrosomal changes, knob-twisted flagellum, and small heads [16] . The male partner discussed in this report had history of long exposure to copper dust. All sperm parameters were severely affected. The couple already had a failed ICSI cycle elsewhere; therefore, to avoid risk of poor or no fertilization, the oocytes were artificially activated by Ca ionophore.
The definite cause of MS is unknown. It may be due to the interaction of genetic and environmental factors [17] [18] . It has been suggested that the environment acted long before MS became clinically evident [19] . The Cu plays key role in brain metabolism, and disorders of copper metabolism impact neural signaling. In vitro exposure of neuronal cells to copper decreases their survival significantly. In vivo, copper exposure impairs regulation of glutamate in the brain, increases production of nitric oxide, and markedly enhances the excitability. The excessive Cu interacts with oxygen and generates reactive species. Its overload induces mitochondrial dysfunction [20] . The Cu has been implicated in different neurological disorders, such as Wilson's, Menkes', Alzheimer's, and Parkinson's diseases [21] as well as MS [8] . Significantly higher serum Cu levels are found in the MS patients compared with that in the controls [8] . The intranasally-instilled copper nanoparticles not only cause lesions where the Cu accumulated, but also affect the neurotransmitter levels in the brain [22] . The Cu is also immunotoxic as Cu treated mice evidence immunotoxicity as indicated by dose-related decreases and increases, respectively, in thymic and splenic weights. Histomorphological changes evidenced in these organs are thymic atrophy, white pulp shrinkage in the spleen, and apoptosis of splenocytes and thymocytes [11] . The male patient under consideration had long Cu exposure before developing MS. It is likely that Cu intoxication predisposed him to MS. The available literature supports this view [8] [9] .
Conclusions
The results of this study indicate that pregnancy and delivery of a healthy child is possible in a couple when the infertile male partner had a long history of exposure to Cu. Determination of Cu levels in serum and seminal plasma during infertility investigation in males at risk of exposure to Cu is recommended.
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